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RADAR INVESTIGATION O F  METEORS 
AT HIGH RATES O F  DETECT1 ON 

C, El lye t t ,  C.S.L. Keay, and E.C. McLauchlan 

Aerospace Field Station 
Physics Department, University of Canterbury, 

Christchurch, New Zealand. 

The construction and operation of an improved 

type of radar system f o r  delineating meteor radiants 

i s  discussed. High rates  of detection, qui te  often 

exceeding 1000 meteors per hour, have been obtained. 

It  is  found that  the very faint  meteors which are  

detected i n  such large numbers completely obl i te ra te  

many of the recognised showers. 
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W A R  IJVIZSTICIAT I ON O F  MEZ'EORS 
AT - ~- ._ HIGH RATES O F  DETECT I ON 

by 

C. E l lye t t ,  C.S.L. Keay, and E.C. McLauchlan 

Aeraspace Field Station 
Physics Department, University of Canterbury, 

Christchurch, New Zealand. 

INTRODUCTION 

The c lass ic  method of delineating meteor shower radiants 

from radar observations i s  tha t  due t o  Clegg (1948a, 1948b), 

which u t i l i s e s  the direct ive properties of an antenna array i n  

conjunction with the specular re f lec t ion  of r ad io  waves by a 

metear t r a i l .  Meteors emanating f r o m  a given radiant are gener- 

a l l y  detected only when the radiant passes through the plane 

noma1 t o  the l i n e  joining the observing s t a t ion  and the meteor 

t r a i l  i n  the antenna beam. When the recorded echoes are plotted 

a s  a function o f  time and range the charac te r i s t ic  range-time 

envelopes of  the Clegg method are obtained. Pram t h e i r  shape 

and time of occurrence the coordinates (right aacension, a, and 

declination, 6) of the radiant may be deduced. If t w o  antennas 

are used ( A s p i n a l l ,  Clegg and Hawkins, 1951 ) the accuracy of the 

radiant coordinates obtained is greatly improved. 

When more than 1000 echoes per day have t o  be plot ted,  

the Clegg method becomes too laborious and time-consuming. A 



modified approach due t o  Keay (1957) enables the radiant coordi- 

nates t o  be determined by p lo t t ing  echo r a t e  from both antennas 

a s  a f'unction o f  time. Only those echoes which l i e  i n  a range 

in te rva l  straddling the range of maximum occurrence need be used. 

This "par t ia l  r a t e  method", a s  i t  i s  ca l led ,  speeds the data 

pracessing and allows higher eoho r a t e s  t o  be deal t  w i t h .  

Both methods lead t o  ambiguities whenever t w o  o r  more 

radiants are  simultaneously active. These may be resolved, a t  

the price of increased system complexity, by incorporating a 

t h i r d  antenna, the beam of which should be spaced equally i n  

azimuth with the other t w o .  Each radiant then produces a time- 

displaaed sequence of peaks i n  the p a r t i a l  r a t e  curves and it 

becomes very much eas i e r  t o  r e l a t e  the individual peaks t o  one 

another, o r  show t h e i r  non-relationship, a s  the case may be, 

If three range in te rva ls  are recorded from each of the three 

antennas nine p a r t i a l  r a t e  curves a re  obtained, thus giving a 

nine-fold check on the  va l id i ty  of  a radiant. T h i s  is  discussed 

i n  more d e t a i l ,  and some examples of i t s  application are given 

i n  l a t e r  pages of t h i s  Note. 

The importance of th i s  augmented p a r t i a l  ra te  method 

l i e s  i n  i t s  a b i l i t y  t o  delineate the radiants of minor showers 

which produce t o o  few large meteors t o  make the ordinary Clegg 

method feasible.  O r ,  putt ing the matter another way, this method 

i s  capable of  detecting the presence of  shower s t ructure  i n  the 

sporadic meteor background level .  

2 



TIIE TRIPLE-BEAM SYSTEM 

When th i s  work commenced, three n a r r o w  beam antenna 

arrays f o r  operation a t  a frequency of 69 Mc. were already i n  

existence. Two of them are  multiple Yagi arrays directed 

towards fixed azimuths of 67.5 and 112.5 degrees east  of north 

respectively (El lye t t ,  Keay, Roth and Bennett, 1961), while the 

th i rd  is a rotatable planar array of half-wave dipoles which 

can be turned towards any azimuth (El lyet t  and Roth, 1955). 

The Yagi arrays eaoh consist  of eight seven-element Yagi antennas 

giving a beam 4-5 degrees wide i n  azimuth. For both of them the 

elevation of the beam i s  10 degrees and the  power ga in  approxi- 

mately 400.. The rotatable array comprises twelve half-wave 

dipoles ( 3  high by 4 across) mounted one eighth wavelength i n  

f ran t  of a ref lect ing screen. I t s  main beam i s  22 degrees wide 

i n  azimuth and directed a t  an elevation of 1 2  degrees, giving a 

power gain of about 80. 

In  order t o  provide three beams equally spaced i n  azi-  

muth the rotatable array is  directed t o  90 degrees east  of north, 

By using each antenna f o r  transmitting as well as  receiving, the  

a e r i a l  requirements would have been met had it  not been f o r  

d i f f i c u l t i e s  .encountered i n  connection w i t h  the necessary spark- 

gap transmit-receive switching. Unrel iabi l i ty ,  noisiness and 

bpeakthrough a l l  combined t o  force the abandonment of spark-gaps 

a s  a means t o  th i s  end, I n  addition i t  w a s  considered desirable,  

if' possible, t o  use one tranamitter f o r  the whale system instead 

of having one f o r  each antenna. Accordingly a single  wide-beam 
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transmitting antenna was bu i l t  capable of floodlighting the 

region searched by the  three narrow-beam antenhas, which c ould 

then be used for reception only. A plan of  the actual  cover- 

age of the antennas is  shown i n  Figure I .  The shape of the  

radiat ion pat tern of the  transmitting antenna led t o  i t  being 

referred t o  a s  a fan-beam antenna: i t  is  f u l l y  described l a t e r .  

Although the power gain of the fan-beam antenna is  l o w ,  t h i s  

loss has been offset  by the elimination of spark-gap switching 

and has led  t o  b e t t e r  overall  system performance. 

For the triple-beam system three separate receivers 

a re  needed. Two were already i n  existence and a th i rd  was b u i l t  

together w i t h  a new display system capable of  presenting the 

t b e e  outputs simultaneously for recording on f i l m .  These com- 

pcments are  a l s o  described l a t e r .  A block diagram of the en t i r e  

system i s  sham i n  Figure 2. 

The master control u n i t  w a ~  a l so  i n  existence and very 

l i t t l e  modification was required t o  make it supply a l l  of the 

necessary timing wave forms. I t s  block diagram is  shown i n  

Figure 3 .  

mitted pulses (p.r.f.) w a 8  derived from the 50 c/s mains supply 

frequency, w i t h  provision fo r  phase sh i f t ing  t o  avoid bursts of 

interference which a re  sometimes locked t o  the supply frequency. 

The 150 c/s p.r,P. controls the output from a 900 Kc/s crys ta l  

o sc i l l a to r  by means of a gating c i r cu i t  and rese ts  the subsequent 

pulse divider stages which provide range-markers and other essent ia l  

timing waveforms following each transmitted pulse. Thus the 

The 150 c/s repet i t ion frequency for the 69 Mc. trans- 

4 
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FIGURE 1 . Plan view of antenna coverage. The outer curve 
represents the horizontal radiation pat tern of the Fan- 
Beam transmitting antenna, while the horizontal pattern6 
of the three narrow-beam antennas used for reception are  
shown shaded. 
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advantages of c rys t a l  control are  combined w i t h  those of mains- 

loclred operation. 

!FHE FAN-BEAM ANTENNA 

This antenna was required t o  provide, a8 simply as  

possible, an azimuthal d i s t r ibu t ion  of radiated power which 

wQuld enable a l l  three narrow beam arrays t o  receive meteor 

eohoes. By i t e r a t i v e  calculations i t  was found that  a ve r t i ca l  

stactk of dipoles spaced 0.35 of a wavelength i n  f ront  of a 

ref leot ing screen would produce the required azimuthal pattern. 

The gain fac tors  used i n  the design a r e  given i n  TABLE I ,  

the notation of which applies t o  the array geometry sham i n  

Figure 4. 

The v e r t i c a l  radiation pat tern of the fan-beam antenna 

had t o  be compatible w i t h  those of the three narraw-beam arrays, 

although i t  was considered that a s l i gh t  increase i n  elevation 

of the main lobe would be beneficial ,  for the following reason. 

Previously, when each of the Yagi arrays were used f o r  bo th  

transmitting and receiving, the number of received meteor echoes 

as a function of range peaked near 400 Xm, but subsequent work 

(Keay and El lye t t ,  1961) shQwed tha t  t h i s  range should be 

shortened a l i t t l e  i n  order t o  reduce the bias towards detecting 

radiants passing close t o  the local  zenith. Accordingly, an 

elevation of 15 degrees was chosen for the main lobe of the fan- 

beam antenna, leading t o  an elevation of 124 degrees for the 

8 
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I O  

15 
20 

25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 

Fo ( 9 0 4 )  

I -6181 
1 -6278 
I -6564 
107015 
I *7592 
1.8243 
1.8896 
1 -9470 
I -9870 
I -9999 
I -9754 
I *9050 
1 .7820 
I ,6026 
I .3668 
1-0779 
0 7453 
0.381 0 

0.0000 

Produot 

I -6181 

I ,6200 
I -6197 

1,6249 
I -6079 
1-5835 
I -5438 
1-4758 
1-3830 
I a2539 
I ,1003 
0 9335 
0 4 7449 
0 *5545 
0,3759 
O d 2 2 1  0 

O * 1  051 
0 0305 
0 0000 

TABU I Gain factors  f o r  calculating the horizontal 
radiat ion pattern of  the Fan-Beam Antenna. 

9 



composite pattern w i t h  the  Yagi arrays and 136 degrees f o r  that  

w i t h  the rotatable array. As a r e su l t ,  f o r  each antenna, the 

peak i n  the range d is t r ibu t ion  of meteor echoes i s  sh i f ted  back 

by about 50 Km, without incurring any appreciable 103s i n  antenna 

pawe r gain. 

The above design requirements were s a t i s f i e d  by using 

a ver t ica l  stack of three half-wave folded dipoles spaced half 

a wavelength apart ,  with the lowest dipole one quarter of a wave- 

length above a ground screen, a s  indicated i n  Figure 4. The gain 

fac tors  used a re  given i n  TABLE 2. 

considered, but t h i s  one has the advantage of a nu l l  a t  40 degrees 

elevation which reduces the effect  o f  the pr incipal  secondary 

lobes preflent i n  the other arrays near that  angle of elevation. 

The half-wavelength spacing of the  folded dipoles made 

Several other designs were 

feed and matching arrangements very simple. Each of the three 

elements w a s  fed equally i n  amplitude and phase. 

match t o  the transmission l i n e  was very close t o  optimum, w i t h  

only a small adjustment of a quarter wave suppart stub being 

necessary t o  bring the standing wave r a t i o  t o  l e s s  than 1 .I. 

T h e  impedance 

When i t  was completed the performance of the  fan-beam 

antenna provgd t o  be very sat isfactory.  

d i r ec t iv i ty  were made using a balloon technique (Keay and G r a y ,  

1963) yielding the r e su l t s  shown i n  Figures 5 and 6. 

is  a photo of the antenna. 

Measurements of i t s  

Figure 7 

The horizontal radiation pattern has a s l i gh t  d ip  a t  

azimuth 90 degrees eas t ,  which indicates  t ha t  the radiating 

10 
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FIGURE 4 .  GEOMETRY OF THE FAN-BEAM ANTENNA ARRAY, SHOWING IMAGES. 
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TABLE 2 

3 .,ooo 
2,926 
2,710 
2 1375 
1 w952 
1-481 
1 coo0 
0,539 

+O.I 28 
-0,213 
-0.486 
-0,6811. 
-0 0.827 
-Odgi6 
-0,957 
-0 7989 
-04998 
-1 *ooo 
I .ooo 

0 .,ooo 
0 0799 
1,460 
I ,878 
I 0999 
1.826 
I-414 
0.852 

+0.223 
-0,382 
-0 . 908 
I e317 
I -614 
-4,808 

1 ,919 
-1 0974 
-1 0995 
-2 woo0 

-2 000 

Gain factors f o r  calculating the vertical 
radiation pat tem of the Fan-Beam Antenna. 

Product 

0.000 

3.806 
6 e552 
7-591 
6,864 
4 933 
2,672 
0,894 
0,057 
O * I  63 
0,872 
I ,716 
2.379 
2 * 655 
2.51 0 
2.1 05 
I -483 
0,762 
0,000 
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HORIZONTAL POLAR DIAGRAM 
FAN BEAM AERIAL 

MEASURED 

CALCULATED -----... 

FIGURE 5. Comparison of the measured and calculated hori- 
zontal radiation patterns of  the Fan-Beam antenna. 



FIGURE 6. Comparison of the measured and calculated vertical  
radiation patterns of the Fan-Beam antenna. 
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FIGURE 7. THE 69 Mc. FAN-BEAM TRANSMITTING ANTENNA, MOUNTED ON THE SIDE OF 
AN EXISTING 200 Me. ROTATABLE ARRAY. A 69 Mc. OMNI-DIRECTIONAL 
TRANSMITTING ANTENNA IS  VISIBLE IN THE BACKGROUND. 
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elements are  a l i t t l e  t o o  f a r  away from the ref lect ing screen. 

The difference i n  pa t te rn  i s  so slight that no correction ha8 

been made.. 

The ve r t i ca l  radiaticm pat tern i s  also f a i r l y  close 

to the calculated design, The main lobe appears t o  be one 

degree lower than anticipated,  but this may be due t o  errors  

of measurement. T h e  upper lobe is much broader than the calcu- 

la ted s i ze f  due t o  the l imited height of the re f lec tor  screen, 

which was rea t r ic ted  by the need t o  have clearance between it 

and a 200 Yc. rotatable  array maunted on the same struuture 

(see Figure 7 ) .  

most dipole  completely account6 for the broadness of the upper 

lobe. 

The resul t ing backward radiat ion from the upper- 

RBXIYERB Al5lI.l DISPLAY 

The detection system may be divided into three main 

cumponenta: 

1. Three ident ical  receivers 

2. 

3* Display and camera 

Video pulse delays and mixing uni t  

THE "VERS 

Following the  experience gained dwing meteor ra ta  

surveys (Ellyett  and Kerry, 1963) t w o  additinnal receiver8 were 

constructed, s ~ m e  modifications being incorporated. A block 

16 



diagram of these receivers is shown i n  Figure 8, and a photo of 

one of them i n  Figure 9 ;  To sat isfy the requirement fqr a sen- 

s i t i v e  low noise receiver, a t w o  stage R-F.  amplifier is  used. 

T h e  first stage is  an EC88 (6rW8) neutralised cascode, induct- 

ively coupled t o  the antenna; while the second stage is  a 

conventional pentode amplifier (6AK5). T h e  o sc i l l a to r  and mixer 

a re  a l s o  conventional, The mixer anodes a re  tuned t o  11 -4 and 

l j e 8  Mc. respectively t o  provide outputs t o  t h e  t w o  1-F. un i t s  

via separate 6AK5 preamplifiers, A negative suppression pulse 

fram the master control un i t  is applied t o  these preamplifiers 

during t r a n m i  t t e r  f i r ing .  

The  main s igna l  I.F, uni t  of 60 Kc. bandwidth centred 

on 1.1 *.SC Mc. comprises four stages o f  synchronously tuned ampli- 

f i ca t ion  p r i o r  t o  the 6AL5 signal detector. Negative-going 

pulses derived f r o m  the sub I.F. unit  during the incidence of 

man-made interfelcence of a t ransient  nature are applied t o  the 

l a s t  t w o  tuned stageta, reducing considerably the  e f f ec t s  of 

pulse type interference, 

The sub 1-F. u n i t  of 300 Kc. bandwidth i s  centred on 

11.8 Mc. Four stages of synchronously tuned amplification a re  

again used. The output of t h i s  unit  w i l l  be noise only  as the  

centre frequency is  400 K c d  above the signal 1 3 -  frequency. 

A l s o ,  since a shar te r  t i m e  delay i s  experienced i n  th i s  wide- 

band amplifier, noise pulses due t o  switching t ransients ,  e tc .  

w i l l  appear a t  the output before reaching the signal detector. 

A pulse shaping and l imit ing s tage a f t e r  the noise detaator is  
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R.E AMP. 
OSC. MIXERS 

SUB. 1.E AMI? 

MAIN 1.E AMI? 

VIDEO AMI? 
COMPRESSOR 

VIDEO DELAY 
AND MIXERS 

POWER 

SUPPLIES 

AND 

REGULATORS 

FIGURE 9. ONE OF THE THREE RECEIVERS. THIS RACK ALSO CONTAINS THE VIDEO DELAYS 
AND MIXING CIRCUITRY. 



sd adjusted tha t  a l l  noise pulses of greater  amplitude than the 

normal background white noise w i l l  be applied as negative going 

suppression pulses t o  the control g r ids  of the l a s t  two  tuned 

atages of the signal 1,F. unit  via a short time-constant c i r c u i t ,  

suppressing the noise pulses coming through the main I.F. unit .  

The video compression amplifier has already been f u l l y  

described (McLauchlan, 1960) . However, f o r  completeneas a br ie f  

description follows. E s s e n t i a l l y ,  the  r e s i s t i ve  load of a Cv138 

compression amplifier i s  shunted by a Cv138 cathode follower 

whose biaa is  made a function of the integrated white noise. 

T h i s  b ias  voltage is the rec t i f ied  output of a C V l j 8  control 

amplifier, the rise time of which is such tha t  i t  does not res- 

pond t o  short  pulse signals. Further integration of the white 

noise component of the received signal is  achieved by using a 

re la t ive ly  long time-constant network i n  the r e c t i f i e r  output. 

VIDEO PULSE DELAYS AND MIXING UNIT 

The video delays and mixing uni t  (Fraser, 1961 ) allow 

the simultaneous display of the outputs of a l l  three receivers 

on a single cathode-ray tube display unit, a s  indicated by the 

block diagram i n  Figure I O .  The c i r cu i t  is  shown i n  Figure 11 

Yeteor echoes received by Receiver-? w i l l  appear on 

the in tens i ty  modulated cathode-ray tube as double dots ,  a l t e r -  

nate sweeps of the time base being sh i f ted  along the range axis 

by a 75 c/s square wave from the master timer. T h e  d o t  spacing 

20 
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is  adjusted t o  be equivalent t o  a t i m e  in terval  of 50 micro- 

seconds. Alternate meteor-echo pulses received by Receiver-2 

are  delayed 50 microseconds by the associated delay l i n e  and 

video gating c i r c u i t ,  Metear echoes received by t h i s  receiver 

w i l l  thus appear on the display tube screen as  double dats dis- 

placed I 00  microseoonds along the range axis, Correspondingly, 

a l te rna te  echo pulses received by Receiver-3 w i l l  be displaced 

I 5 0  microseoonds alung the range axis  by a s imilar  process 

using a 100 microseaond delay l i ne ,  

DISPLAY AND CAMERA 

The display uni t  follows conventional practice.  An 

in tens i ty  modulated Philippa DB 10/78 cathode-ray tube presen- 

t a t ion  i s  phatographed on continuously moving I l fo rd  5G91 35" 

f i l m .  T h e  camera uses 24 f ee t  of f i l m  per  day. 

THEORY AND CALCULATIONS 

The basic theory underlying the par t ia l - ra te  method 

has already been published (Keay, 1957) and needs no modification 

w h e n  three instead of t w o  narrow-beam antenna a re  employed. The 

caunting of meteors i n  mare than one range-band has also been 

described i n  a paper (El lyet t ,  Keay, R o t h  and Bennett-, 1961) 

i n  which it  is  referred t o  as a multiple rate-count methd, and 

an example of i t s  usefulness was given, It is  the combination 

of these methods which is  referred t o  as the augmented par t ia l -  

r a t e  method, 
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Briefly, shor t  time-interval counts of meteor echoes, 

whose ranges l i e  i n  a band centred on the range of maximum 

occurrence, give a par t ia l - ra te  curve when plotted against time. 

The times when peaks occur i n  the par t ia l - ra te  curvea from t w o  

or more antennas yield the radiant coordinatea of the meteor 

a c t i v i t y  which gave r i s e  t o  the peaks. The same is t rue when 

meteors i n  range-bands adjacent t o  the cent ra l  range-band a r e  

used, although care must be taken t o  a l l o w  for the aseymmetrical 

d i s t r ibu t ion  of meteors within the range-band when high accuracy 

is  required. 

T h e  manner i n  which the radiant coordinates result  

from the observed times af occurrence of peaks i n  meteor ra te  

may be seen from Figure 12. 

pPojection of the intersect ion w i t h  the c e l e s t i a l  hemisphere of 

the planes i n  which metear trails must l i e  i n  order t o  be detect- 

able a t  the range concerned. It  is the same as  saying that 

meteors from a given radiant a re  only detectable a s  the radiant 

passes through the appropriate lfcollectingvf plane. For the 

eas te r ly  directed antenna the cal lect ing planes for echoes 

detected near ranges of 300, 400 and 500 Km in te rsec t  the 

c e l e s t i a l  hemisphere i n  the l i n e s  N I S ,  N2S and N3S respectively. 

In r e a l i t y  the l i n e s  a r e  narrow strips due t o  the f i n i t e  s ize  of 

the range i n t e rva l  i n  which echoes are  counted (each "range-band" 

extended 50 X.m on e i t h e r  side of the nominal range, i.e.,  the 

range intervals  were 100 Km wide) and t o  the spread i n  azimuth 

of  the antenna beam. 

T h i s  Figure represents a horizontal 
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COLLECTING COLLECTING PLANES OF EAST ANTENNA COLLECTING 

S 

FIGURE 12. HORIZONTAL PROJECTION OF CELESTIAL HEMISPHERE, SHOWING THE 
COLLECTING PLANESFOR EACHOF THE THREE NARROWBEAMPNTENNAS 
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A s  a spec i f ic  example, the radiant 'A'  w i l l  first pro- 

duce echoes i n  the 500 Km range-band o f  the South of East antenna 

(a t  point ' a '  i n  Figure q l ) ,  then i n  i t s  400 Km range-band a t  a 

time which happens t o  coincide w i t h  the meridian passage of the 

radiant i n  t h i s  par t icu lar  case (point ' b ' ) .  Echoes w i l l  next 

appear i n  the 500 Km range-band o f  the East antenna (point ' c ' )  

and almost a t  the same time i n  the 300 Km range-band of  the South 

of East antenna (point ' d ' ) .  And so  on. The important point i s  

that the order of appearance of echoes i n  the range-bands of  the 

three antennas w i l l  be quite different  f o r  radiant 'B', and i s  a 

function o f  the radiant declination. However, up t o  quite high 

values of decl inat ion,  the order of appearance of echoes i n  the 

various range-bands associated w i t h  a antenna is  always the 

same. A l s o ,  except f o r  radiants passing within a few degrees of 

t h e  zen i th ,  and those  f u r t h e r  south,  t h e  peak echo r a t e  i n  a 

given range-band from t h e  East  antenna i s  always mid-way i n  time 

between t h e  peak r a t e s  i n  t h e  same range-band from t h e  o the r  two 

antennas. These c h a r a c t e r i s t i c s  enable d i s c r e t e  meteor shower 

a c t i v i t y  t o  be i d e n t i f i e d  whenever it occurs. 

For each range-band of the three antennas the time 

differences between peak echo r a t e  and the time of meridian pass- 

age ( local  t r a n s i t )  o f  any culminating radiant have been calculated 

as  a function o f  radiant declination by using the theory already 

published (Keay, 1957). 

i n  order t o  enable t h i s  considerable task t o  be performed on an 

ISM-1620 computer. A sample of the typed output f rom t h e  computer 

A suitable computer program was developed 
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is shown i n  Table 3, which applies t o  the outer (500 Km) range- 

band of the South of East antenna (azimuth 112.5 degrees East) .  

The nine tables produced by the computer are  shown plotted 

i n  Figure 13, which is, i n  e f f ec t ,  a Cartesian projection of Figure 

12 using declination and hour angle as  coordinates. 

FKELIYINARY RESULTS 

The system as a whole was i n  operation f o r  several 

months during 1962 and ear ly  1963. I n  February 1963 the experi- 

ment was discontinued i n  order t o  commence a meteor survey (using 

omni-direct ional antennas) which could not run simultaneously. 

However, the r e su l t s  from the preliminary period o f  operation 

indicate the des i r ab i l i t y  of fur ther  w o r k  when the meteor survey 

is  completed i n  1964. 

During the experiment much valuable experience was gained, 

par t icular ly  on the problems of displaying the outputs of three 

reoeivers on a single cathode ray tube. Varying noise levels ,  

par t icular ly  when man-made interference was present on any one o f  

the receivers, were d i f f i c u l t  t o  compensate f o r .  The preservation 

of equal signal-to-noise r a t io s  i n  each of the three outputs waB 

essent ia l  i n  view o f  the narrow dynamic range of the cathode-ray 

tube spot in tens i ty  and the requirement tha t  a s ingle  br i l l i ance  

s e t t i n g  had t o  be correct f o r  recording a l l  three signals,  T h i s ,  

i n  f a c t ,  is  the weakest l i n k  i n  the whole system. 

Some samples of the f i l m  records a re  shown i n  Figure 14. 

Each sample represents a three-minute in te rva l ,  but the clocks 

27 



DECL . 
67 
66 
65 
64 
63 
62 
61 
60 

59 
58 
57 
56 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

:; 

'2: 

27 
26 
25 
24 

21 
20 

DECL . 

TABLE OF AERIAL COLLECTING PLANE TRANSIT TIMES 

COMPUTED FOR LATITUDE -43.62 DEGREES 

AERIAL AZIMUTH (EAST) - 112.5 DEGREES 

ECHO HEIGHT - 95.0 KILOMETERS 

SLANT RANGE OF HEAN ECHO - 500.0 KILOMETERS 

ELEVATION OF MEAN ECHO - 
MAXIMUM DECLINATION - 67.74 DEGREES 

DECLINATION VALUE AT HORIZON - 
8.75 DEGREES 

41.97 DEGREES 

HOUR ANGLE 

4 H 21.0 M 
3 H 49.7 M 
3 H 27.9 M 
3 H 10.7 M 
2 H 56.2 M 
2 H 43.8 M 
2 H 32.8 M 
2 H 23.0 M 

2 H 14.2 M 
2 H 6.1 M 
I H 58.7 M 
1 H 51.9 M 
1 H 45.5 M 
1 H 39.6 M 
1 H 34.0 M 
1 H 28.8 M 
1 H 23.9 M 
1 H 19.2 M 

1 H 14.8 M 
1 H 10.6 M 
1 H 6.6 M 
1 H 2.8 M 
0 H 59.1 H 
0 H 55.6 M 
0 H 52.2 M 
0 H 48.9 M 
0 H 45.8 M 
0 H 42.8 M 

0 H 39.9 M 
0 H 37.0 M 
0 H 34.3 M 
0 H 31.6 M 
0 H 29.1 M 
0 H 26.5 M 
0 H 24.1 M 

0 H 17.1 M 
: ! :;:z M" 
0 H 14.9 H 
0 H 12.7 M 
0 H 10.6 M 
0 H 8.5 M 
0 H 6.5 M 
0 H 4.4 M 
0 H 2.5 M 
O H  . 5 M  

-0 H 1.3 M 
-0 H 3.2 M 

HOUR ANGLE 

DECL. HOUR ANGLE 

19 
18 
17 
16 
15 
14 
I3 
12 
1 1  
IO 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 

-10 

-1 1 
-1 2 
-1 3 
-14 
-1 5 
-16 
-1 7 
-18 
-1 9 
-20 

-2 1 
-22 
-2 

-2 5 
-26 
-2 7 
-28 
-2 9 
-30 

DECL. 

-22 

-0 H 5.0 M 
-0 H 6.9 M 
-0 H 8.7 M 

-0 H 12.3 M 
-0 H 14.0 M 
-0 H 15.8 M 
4 H 17.5 M 
4 H 19.2 M 
4 H 20.9 M 

4 H 22.6 M 
-0 H 24.3 M 
4 H 25.9 M 
-U H 27.6 M 
-0 H 29.2 M 
-0 H 3U.9 M 
-0 H 32.5 M 
-0 H 34.2 M 
-0 H 35.8 M 

-0 H 10.5 M 

-0 H 37.5 M 

-0 H 39.1 M 

-0 H 44.0 M 
Y H 45.7 M 
-0 H 47.3 M 
-0 H 49.0 M 
-0 H 50.6 M 
-0 H 52.3 M 
-0 H 54.0 M 

2 ; 44x M" 

2 ! ;::z 
-0 H 59.1 M 
-1 H .9 M 
-1 H 2.6 M 
-1 H 4.4 M 
- I  H 6.2 M 
-1 H 8.0 M 
-1 H 9.9 M 
-1 H 11.7 M 

- I  H 13.6 M 
-1 H 15.5 M 
-1 H 17.5 M 
-1 H 19.5 M 
-1  H 21.5 M 
-1  H 23.5 M 
- I  H 25.6 M 
-1 H 27.7 M 
-1 H 29.9 M 
-1  H 32.1 M 

HOUR ANGLE 

OECL. HOUR ANGLE 

-3 1 
-3 2 

-35 
-36 
-3 7 
-38 
-39 
-40 

-4 1 
-42 

-4 5 
-46 
-47 
-48 
-49 
-50 

-5 1 
-52 
-53 
-54 
-55 
-56 
-57 

3 

22 

g 
- 6 1  
-62 
-63 
-64 
-65 
-66 
-67 

DECL . 

-1  H 34.4 M 
-1  H 36.7 M 
-1 H 9.1 M 
- 1  H 21.6 M 
-1 H 44.1 M 
- I  H 46.7 M 
-1 H 49.3 M 
-1 H 52.0 M 
-1 H 54.9 M 

-2 H .8 M 
-2 H 4.U M 
-2 H 7.2 M 
-2 H 10.6 M 
-2 H 14.1 M 
-2 H 17.8 M 
-2 H 21.6 M 
-2 H 25.6 M 
-2 H 29.8 M 
-2 H 34.2 H 

-2 H 8.9 M 

-2 H 49.0 M 
-2 H 54.6 M 
-3 H .5 M 
-3 H 6.9 H 
-3 H 13.7 M 
-3 H 21.1 M 

-1 H 57.8 M 

-2 H 4 3.8 M 

3 rl 33:: ! 
-3 H 47.8 H 

H 58.8 M 3 H 11.2 M 
-4 H 25.7 M 
-4 H 42.9 M 
-5 H 4.7 M 
-5 H 36.b M 

HOUR ANGLE 

TABLE 3 
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FIGURE 13. TIMES OF RECEPTION OF METEOR ECHOES AT VARIOUS RANGES IN EACH 
OF THE THREE ANTENNAS. PLOTTED AS A FUNCTION OF RADIANT 
DECLINATION. 



RANGE 

' 3  Minutes ' 2  '1 0 '  

A. 1830H. N.2.S.T 1962 DEC. 9. 

RANGE 

' 3  Minutes ' 1  0 '  

8. 0450H. N.Z.ST 1962 DEC.5 

FIGURE 14. LOW AND HIGH-RATE METEOR ACTIVITY AS SHOWN ON THE FILM RECORDS. 



(and detector current meters) a t  the side of the f i l m  a r e  not 

shown. Figure 14(a) was recorded a t  1830 hours N.Z.S.T. when 

the diurnal ra te  i s  a t  i t s  lowest, while Figure 14(b)  is  o f  a 

typical high ra te  period. The three different dot-spacings are  

quite evident: narrow spacing corresponds t o  meteors detected 

on the East antenna, (Receiver-I), the medium spacing t o  the 

N o r t h  of East antenna (Receiver-2), and the wide spacing t o  the 

South of East antenna (Receiver-3). I n  b o t h  samples i t  w i l l  be 

noticed that  the lower dot  of  each medium spaced pair  i s  fa in te r  

than the upper d o t :  t h i s  temporary f au l t  was due t o  a s l i gh t  

inaccuracy i n  the gain se t t ing  of the undelayed signal through 

that channel. Such a simple maladjustment can eas i ly  happen 

and i t s  effect  i s  exaggerated by the narrow dynamic range of the 

cathode-ray tube screen. 

In  Figure 14(a)  there i s  a t o t a l  of nine echoes, corres- 

ponding t o  an echo ra te  of 180 per hour. I n  Figure 1 4 ( b )  there 

a re  67 discernable eohoes, corresponding t o  a ra te  of 1340 per 

haur. It may be remarked tha t  even if the lowest ra te  of 180 per 

hour continued throughout the day the resultant t o t a l  of over 

4000 echoes would be f a r  t o o  many t o  be handled by the or iginal  

Clegg methad o f  analysis. 

Figure 14 (b )  shows many echoes which have been detected 

by more than one antenna, usually by the main beam of  one and a 

side lobe of another. Such cases a re  eas i ly  sorted out by heeding 

the strongest echo. However, there  a re  four of the 67 echoes 

which are  completely ambiguous and must be disregarded. 



A very usef'ul check on the performance of the narrow 

beam antennas and their associated receivers was provided by  a 

pen recorder which continuously monitored the detector current 

i n  each receiver. A l l  records exhibited a prominent peak which 

recurred every day a t  the s idereal  time corresponding t o  the 

passage of the Sagit tar ius  region of the Local Galaxy through 

the associated antenna beam. T h i s  is apparent i n  Figure I 5  

which shows superimposed tracings of the records obtained over 

a period of one for tnight ,  The differences i n  beam-width of the 

antenna arrays a re  a lso c lear ly  revealed, 

One of the  first occasions when the complete t r i p l e -  

antenna system was operating successfully was during July 1962. 

The partial-ra.te curves obtained on July 25 are  shown i n  Figure 

16. I n  each of the nine curves the &Aquarid shower has produced 

a very prominent peak, allowing quite a good value t o  be obtained 

for i ts  radiant posit ion,  as  follows: 
0 

0 0 

Right ascension 337.8' 20.5 

Declination -13-7 2 2 8 9  

These coordinates may be compared w i t h  those given by 
0 

McIntosh (1934), R.A.:337.7', Decl.:-q8.1 f o r  July 25; and 

Haff'meister (1948) who gives R.A.:333.0°, Decl.: -13 
0 

f o r  July 

261 

The peak i n  the par t ia l - ra te  curve for the 250 - 350 Km 

range in te rva l  from the North of East antenna was incomplete 

because of a gap i n  the record due t o  a bad burst of man-made 

interference. Otherwise the peaks were quite c l ea r  and there i s  
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FlGURt 16. PARTIAL RATE CURVES FOR 1962. JULY 25. THE 
DELTA AQUARID SHOWER IS MARKED. 
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no doubt as  t o  t h e i r  ident i f icat ion.  None of the other peaks 

i n  these par t ia l - ra te  curves a re  a s  prominent, except, perhaps, 

for the ac t iv i ty  from the East antenna near 0800 hours. 

there  i s  very l i t t l e  supporting a c t i v i t y  f rom e i t h e r  o f  the 

other t w o  antennas and no radiant can be determined for i t ,  

T h i s  s i tua t ion  has proved t o  be surprisingly common, lending 

support t o  other evidence (Kaiser, 1961) that meteor showers 

lose t h e i r  ident i ty  and merge in to  the sporadic background when 

large numbers of very f a in t  meteors a re  being detected. 

However, 

The above s i tua t ion  is  well i l l u s t r a t e d  by the records 

obtained i n  ear ly  December, 1962,  a time of the year when several  

well-known southern showers are active (El lye t t ,  Keay, R o t h  and 

Bennett, I 961 ).  

The pr incipal  t w o  are the V e l i d s  and the Puppids, which. 

together w i t h  the  L i b r i d s  and the Orionids, are  marked on the 

principal r a t e  curves obtained during December 4 (Figure 17) and 

December 5 (Figure 18)  . O f  the 72 times when a peak should have 

been present fewer than 5 coincidences were obtained. Even when 

allowance is made for inaccuracies i n  the quoted radiant posit ions,  

there are  no c l ea r  sequences of  peaks (such a s  that for the 

&Aquarids i n  Figure 16) which betray shower ac t iv i ty .  Further- 

more, when the corresponding par t ia l - ra te  curves for each of the 

t w o  days are  intercompared there i s  very l i t t l e  continuity between 

them, despite the f ac t  that each of the showers mentioned above 

l a s t s  for several days, It is a l so  noticeable that  some of the 

sharper and more prominent peaks one day are  replaced by d i p s  i n  

the curve on the next day. 
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Only the gross charac te r i s t ics  of the par t ia l - ra te  

cumeB r e l a t e  t o  one another or  pers i s t  from day t o  day. They 

are  the gradual r i s e  i n  r a t e  from midnight t o  approximately 

060Q hours, the hollow centred near 0900 hours, and the broad 

hump a t  around 1200 - 1300 hours followed by the decline i n  

r a t e  towards the evening. Such a finding i s  consistent with the 

pattern which emerged from a year-long survey of meteor a c t i v i t y  

i n  1960-61~ the broad helion and anti-helion peaks o r  groupings 

then a l so  over-shadowed almost a l l  shower a c t i v i t y  (El lyet t  and 

b a y ,  1.963) . 
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